To document the prevalence of tuberculosis (TB) skin test positivity among homeless adults in Los Angeles and determine whether certain characteristics of homelessness were risk factors for TB.
nderstanding the epidemiology of tuberculosis (TB) among the homeless, as well as other high-risk populations, is critical. Despite relatively recent predictions that TB could be eradicated in the United States by the year 2010, [1] [2] [3] we have been confronted by a sharp rise in active TB (10% increase between 1985 and 1994) 4 and an increase in multidrug-resistant TB since 1985 when reported cases of TB reached their lowest levels since national reporting began in 1953. [4] [5] [6] [7] This increase in active TB has also led to increased numbers of individuals with newly acquired asymptomatic TB infection resulting from contact with persons with active contagious disease. Such individuals are at increased risk of developing active disease: the 1-year risk of becoming an active case is 3% within 1 year of infection and 0.5% in each subsequent year after 2 years of infection. 8 A multiplicity of factors, including the HIV/AIDS epidemic, increasing poverty and homelessness in America's cities, illicit drug use, budgetary constraints on local health departments, immigration from high-prevalence nations, and high rates of noncompliance among TB patients, have contributed to the resurgence of TB. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Previous research on homeless adults demonstrated their elevated risk of asymptomatic TB infection, active disease, and multidrug-resistant TB. [23] [24] [25] [26] [27] [28] Further, reports have cited outbreaks of TB in emergency shelters for the homeless in Boston and Ohio, 29, 30 as well as in a neighborhood bar frequented by a homeless person with active disease. 31 Why is the risk of TB increased among homeless persons? Among the homeless, men outnumber women approximately four to one and ethnic and racial minority groups, especially African Americans, are overrepresented. [32] [33] [34] A disproportionate number of individuals with serious mental health problems (including previous psychiatric hospitalization), or a history of substance dependence, have been found among the homeless, and a significant number of homeless persons have dual diagnoses of mental illness and substance dependence. [35] [36] [37] [38] Further, homeless persons have greater rates of incarceration than the general population. 39 Gender, ethnicity, incarceration, and a history of serious mental illness or substance abuse or both have all been shown to be risk factors for TB in the general population. 2, 3, 12, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] Moreover, the homeless often crowd into shelters where Mycobacterium tuberculosis has been demonstrated to spread. 29, 30, 44, [51] [52] [53] There have been a number of studies on TB among the homeless in New York City [54] [55] [56] and one in San Francisco. 57 These studies documented high prevalences of TB skin test positivity among the homeless in these areas. Prevalences varied from 32%, 57 to 44%, 56 , to 79%. 54 Factors associated with TB skin test positivity in these studies included age, 56, 57 African-American ethnicity, 56 injection drug use, 56,57 duration of homelessness, 57 and length of stay in shelters 54, 56, 57 or in single-room-occupancy hotels. 57 Previous incarceration, psychiatric hospitalization, and medical hospitalization were not associated with TB infection. 57 No research has been conducted, however, on the prevalence or predictors of infection by M. tuberculosis among the homeless population of America's second-largest metropolitan area, Los Angeles. Los Angeles has the distinction JGIM of being one of two centers of TB nationally and the "homeless capital" of the United States. 7,34,58 Data regarding the prevalence of TB skin test positivity among homeless persons in Los Angeles are needed to inform health care planners in their efforts to control the spread of TB.
Determining risk factors for TB will provide clues about cause-and-effect relationships for purposes of understanding the etiology of TB among homeless persons, for identifying populations in need of special screening and monitoring, and for assisting clinicians to better manage and treat patients. In particular, isolation of factors associated with TB skin test positivity among the Los Angeles homeless population is important to identify risk characteristics endemic to Los Angeles and to target subgroups among the homeless population of Los Angeles that are in particular need of screening and treatment. Addressing the public health problem of TB using this approach will lead to better measures to control this disease.
Therefore, the aims of this study were to document the prevalence of TB skin test positivity in a representative sample of homeless adults in the two major congregating areas of the homeless in Los Angeles County, Skid Row and the Westside, and to determine whether certain characteristics of homelessness, such as length of time homeless and predominant type of shelter, were risk factors for TB.
METHODS

Subjects and Procedures
The sample for this study is part of a larger UCLA Homeless Health Study. The larger study focused on a subset of the sample from the RAND Course of Homelessness Study, which was conducted in 1990 and 1991 and consisted of survey data obtained from a probability sample of 1,563 homeless adults (aged 18 years or older) in the two areas of Los Angeles County having the largest concentrations of homeless persons: the urban downtown and the more suburban Westside. For purposes of the Course of Homelessness Study, people were considered to be homeless if, in the past 30 days, they had spent at least one night either in a setting that was defined as a temporary shelter, was not designed to be a shelter, or was a temporary arrangement for which they did not pay, or in a program for homeless individuals that defined stays as temporary.
To obtain a representative sample of homeless persons in each of the two study sites (Skid Row and the Westside), a sampling plan that combined elements of Burnam and Koegel's service-setting sampling approach and a "blitz" approach was utilized. [59] [60] [61] [62] Three sampling strata were defined: individuals who used shelter beds, those who did not use shelter beds but did use soup lines, and those sampled from street locations who used neither. Interviews were allocated to each stratum in proportion to the estimated number of homeless persons in that stratum. Women, whose actual representation in the homeless population in the two study sites was 16%, were oversampled to comprise approximately 30% of the sample. Eighty-nine percent of the 5,342 individuals approached for screening interviews and 87% of those invited to participate in the baseline survey agreed to do so.
From the RAND baseline sample, a stratified subsample of 485 persons was randomly selected for follow-up, with oversampling of the newly homeless and those with serious mental illness. The sample for the UCLA Homeless Health Study was derived from this panel. This study began 1 year after selection of the RAND longitudinal panel. Of the 389 persons active in the RAND panel at this point, 363 (93%) agreed to participate in the UCLA Homeless Health Study.
Information on demographic and psychosocial characteristics of respondents was obtained from the RAND study's baseline interview. The UCLA Homeless Health Study also included a structured interview lasting an average of 21 minutes that elicited information about physical health, use of health services, and previous TB skin test results. The interview was followed by a limited physical examination lasting an average of 31 minutes.
At the end of the examination, all participants were asked to consent to a tuberculosis skin test regardless of their reports about previous tests or treatment. Following subjects' consent, the skin was inoculated and later checked for induration by lay interviewers trained to administer and read tine tuberculin tests. Study participants were offered a tuberculosis skin test at two subsequent interviews approximately 2 to 6 months apart if tuberculosis testing and reading had not been completed at earlier sessions.
Participants who consented were given a purified protein derivative tine skin test. 63 The test has been standardized to give reactions equivalent to, or more potent than, 5 tuberculin units of standard old tuberculin administered intradermally in the Mantoux test. Skin test reading appointments were made between 48 and 72 hours after planting. Participants were paid $5 for the health interview and examination and another $5 when they returned for the reading. In accordance with manufacturer's recommendations, skin tests were considered positive if the injection site had a vesicle or a total induration greater than or equal to 2 mm, approximating a 5-to 9-mm induration cutoff of a Mantoux test. 63 Persons testing positive were encouraged to seek further medical evaluation, including a chest x-ray, and were paid another $10 if they returned with a letter from a physician stating that they had sought medical care.
Measures
Our major predictors of TB skin test positivity included self-reported demographic factors, such as gender, age, race or ethnicity, and place of birth. Respondents were classified by sampling area, the Westside or Skid Row, based on where they were initially interviewed by RAND data collectors.
The living arrangements of each subject during the 30-day period before the baseline RAND interview were classified into four categories, based on where the subjects reported having spent the most nights during this time: (1) traditional housing, such as a home, apartment, or hotel (the reference group); (2) shelters or institutions (emergency shelters for the homeless, jails or prisons, hospitals, board-and-care facilities, and residential treatment programs); (3) limited shelter, defined as indoor places not intended for sleeping (abandoned buildings, all-night theaters, and vehicles); and (4) no shelter, i.e., sleeping on the streets.
Although hotel residence may be a greater risk factor for TB skin test positivity than other living arrangements in some homeless populations, 57 we combined hotels with traditional housing because the sample of hotel residents was small ( n ϭ 23), and preliminary analyses that included adjustment for potential confounders indicated that these individuals were as likely or less likely to test positive for TB than were those who had spent the greatest proportion of time in homes or apartments.
Participants whose living arrangements were categorized as predominantly housed had spent a median of 77% of the previous 30 nights in homes, apartments, or hotels; those in the shelters/institutions group, a median of 93% in such facilities; those in the limited shelter group, a median of 86% in such arrangements; and those in the no shelter group, a median of 93% of the past 30 nights on the streets or in other outdoor locations.
The total number of months being homeless was obtained by asking participants to report how many months they had been homeless in their lifetimes. Hospitalization for a psychiatric problem and spending any time in prison or jail were also based on respondents' self-reports.
Our measures of psychiatric status and substance use were derived from the Diagnostic Interview Schedule. 64 Three summary measures of psychiatric problems were created using an algorithm described elsewhere 35 : chronic mental illness, chronic drug dependence, and chronic alcohol dependence.
Data Analysis
Participants in the UCLA Homeless Health Study were assigned weights for data analysis. These weights were based on the reciprocal of an estimated probability of selecting each sampled individual for the RAND baseline sample, multiplied by the reciprocal of the probability (derived from multiple logistic regression analysis) of subsequent participation in the UCLA Homeless Health Study. All analyses reported here were weighted and conducted using the SAS software package. Unweighted n values are presented.
Crude associations between potential risk factors and completion of TB skin testing were assessed with Pearson's 2 and Student's t tests, depending on the type of variable. Among persons who were tested, crude (unadjusted) associations between predictor variables and the prevalence of a positive TB skin test were estimated with prevalence odds ratios (OR). Then, to control for confounding, we used stepwise forward and stepwise backward logistic regression algorithms to create a core model of important TB predictors, each of which had an independent effect on the outcome. Gender and ethnicity were automatically included in the core model because both have been consistently identified as risk factors in other studies, 12, 40, 42 Variables not included in the core model were added one at a time to estimate their effects, controlling for other predictors in the core model. The analyses were also rerun with the sampling area indicator removed and for Skid Row residents only to examine possible confounding by geographical area. The small number of Westside participants did not permit separate regression analysis for this sample.
The association between lifetime duration of homelessness and the logit of TB skin test positivity did not appear linear, so we collapsed duration of homelessness into four groups: (1) less than 1 year (the reference group); (2) 1 year to less than 5 years; (3) 5 to less than 10 years; and (4) 10 years or more. Crude and adjusted ORs and associated p values were obtained for each category relative to the reference group. In addition, p values for overall crude and adjusted associations of this multiplelevel variable with TB skin test positivity were obtained by treating it as an ordinal variable in logistic regression analyses and using a test for linear trend. The other multiple-level variable, modal shelter type, was treated similarly except that a 2 test was performed to examine the overall crude association between shelter type and TB skin test positivity. A likelihood ratio test comparing the core model with and without the three indicator variables for modal shelter type was used to assess the adjusted impact of shelter type.
RESULTS
Of the 363 individuals who responded to the questionnaire, 260 (72%) completed the TB skin testing. Characteristics of these 260 homeless adults are shown in Table 1 . Individuals who completed testing were almost 2 years older, on average, than were those who did not complete testing (means of 38.9 and 36.6 years, respectively, p ϭ .04).
For the 260 persons who completed testing, we found a positive TB skin test prevalence of 32.0%. Among those testing positive, the tine induration reactions were as follows: 2 mm, 5%; 3-4 mm, 13%, and Ն 5 mm, 82%. Among those who did not test positive, 5% ( n ϭ 9) had a 1-mm induration and 95% did not react at all.
The majority of tested subjects (81.7%) reported a previous skin test. About one fifth (21.2%) of the 87 persons testing positive in our study reported having had a negative skin test within the past year. The majority (78.3%) of those with a positive TB skin test also reported that they had sought medical attention after we notified them of their results and encouraged them to seek care. Table 2 provides the crude associations between potential risk factors and a positive TB skin test result in the 260 tested subjects. Respondents drawn from the Skid Row study site were particularly likely to test positive for TB; the prevalence was 40% in Skid Row compared with 14% on the Westside. Prevalence of TB skin test positivity increased with age, with persons aged 18-30 years showing a prevalence of 18.7%, those 31-40 a prevalence of 26.5%, and those over 40 a prevalence of 43.6% (not shown in Table 2 ). Table 3 shows results of the core model. Adjusting for other covariates, gender and ethnicity had small associations with a positive TB skin test result. Persons drawn from the Skid Row area were still more likely to test positive than were those drawn from the Westside, controlling for other predictors in the core model. Persons who were older and those who had a previous psychiatric hospitalization were also more likely to test positive than those who were younger or who did not have such a hospitalization in their lifetime.
Compared with persons in traditional housing, persons whose modal shelter type was a shelter or institution had the greatest risk of TB skin test positivity, followed by those whose modal shelter type was limited shelter and then by those living in outdoor locations. Although a positive relation between total months homeless and the prevalence of TB skin test positivity was found when length of homelessness was treated as a continuous variable (not shown), the ordered categories presented in the model suggest that TB skin test positivity begins to increase dramatically after an individual has been homeless for 10 years, but is relatively constant up to that point.
All Eliminating the Skid Row indicator from the model produced some notable differences. The adjusted association between male gender and testing positive on the tine test became stronger (OR 2.97; 95% CI 1.29, 6.84), as did that for minority ethnicity (OR 2.55; 95% CI 1.06, 6.14). In contrast, the association between being on the streets versus being housed and skin test positivity was much weaker (OR 1.44; 95% CI 0.59, 3.49), and a weaker association was also found for psychiatric hospitalization history (OR 2.22; 95% CI 0.84, 5.87).
To deal with possible interaction effects between geographic area and other covariates in the core model, we fit the model to Skid Row subjects only. Compared with results for the whole sample in Table 3 , substantial increases were found in the associations of nonwhite ethnicity (OR 2.91; 95% CI 0.89, 9.50) and being on the streets versus being housed (OR 3.57; 95% CI 1.35, 9.43) with a positive tine test, whereas being in limited shelter conditions versus being housed (OR 2.65; 95% CI 0.78, 8.96) or having a previous psychiatric hospitalization (OR 1.96; 95% CI 0.57, 6.79) had weaker effects. Modest increases in associations with skin test positivity were also found for male gender, shelter residence, and being homeless for 10 or more years.
DISCUSSION
In this probability survey of homeless adults from two geographically distinct areas of Los Angeles County, we found a TB skin test positivity prevalence of 32%. This tine-based estimate is exactly the same as that found by San Francisco researchers in another probability-based survey of homeless adults using the Mantoux test, 57 and is three to six times greater than the 5% to 10% prevalence of TB skin test positivity in general adult population studies. 8, 57, 65, 66 In this study, persons who had slept in traditional housing had the lowest prevalence of positive tine tests.
For persons who had slept primarily in other settings (such as limited shelter and shelters/institutions) during the past 30 nights, the odds of being positive for TB on the tine test were more than three to four times greater. These results, and the findings of increased risk among homeless persons who had been hospitalized for a psychiatric problem, support the contention that overcrowding, such as sleeping in shelters and other institutions, is a major risk factor for TB. 29 The marked increase in risk for tine test positivity among persons sampled from Skid Row, an extremely deprived inner-city area of Los Angeles, may reflect a variety of individual and environmental risk factors for TB that are distributed differently in the two areas. For example, the Central Health District of Los Angeles County, which includes Skid Row, has the highest prevalence of active TB in the county. 58 The regression results including and excluding sampling site suggest that geographic area may be a confounder for the effects of gender, ethnicity, and housing status on skin test positivity. In addition, interactions between geographic area and these and other risk factors for TB may be present. Unfortunately, our small sample of suburban homeless and the substantial associations between sampling site and many risk factors (e.g., 88% of Skid Row participants were male, 90% were nonwhite, and 27% were living on the streets, while comparable figures for Westside participants were 58%, 68%, and 70%, respectively) make it difficult to estimate precisely associations between potential risk factors and TB skin test positivity. Larger studies are needed to examine the importance of TB risk factors among the homeless in innercity versus less-congested areas.
In agreement with general population studies, 4,12 we found that increasing age was an important predictor of TB skin test positivity among homeless adults. Although the relation was not strictly linear, duration of homelessness was also related to TB skin test positivity. These findings have been consistent in the homeless literature. 11, 33, 56, 57 In contrast, several reported risk factors in the general population were not related to TB tine test positivity in our population. 12, 42, 67 Gender, ethnicity, and country of birth were not important predictors of TB skin test positivity in adjusted analysis, although we cannot rule out random error.
Although alcohol abuse, drug abuse, and prison history have been shown to be predictors of TB in the general population, 68 they were not important predictors of TB test positivity in our sample of homeless adults. Our measure of chronic drug abuse reflects primarily crack use in Los Angeles, and TB has mostly been linked to injection rather than noninjection drug use in previous studies of homeless and general populations. 56, 57 However, only 12 participants in our study reported using heroin, one of the main drugs taken intravenously, in the previous year. Two previous studies of the homeless also found little or no association between either noninjection drug abuse or prison history and TB status. 33, 57 A comprehensive, standardized psychiatric instrument was used to elicit relevant information on drug abuse and mental health. 64 Because of the cross-sectional design, inferences about cause-and-effect relationships between potential risk factors and the prevalence of TB skin test positivity are limited. Furthermore, as 30% of eligible respondents did not complete skin testing, there could be selection bias in estimating the prevalence of TB skin test positivity and associations. However, the only variable associated both with being tested for TB and with the observed prev- alence of TB skin test positivity among responders was age. Because tested subjects were 2 years older on average than untested subjects, it is possible that the observed prevalence of TB skin test positivity was positively biased in this study. Part of the possible bias due to attrition was addressed by weights derived from a logistic regression model predicting participation; however, some selection bias may not have been accounted for.
Our study was also limited to self-reports of most predictor variables. However, in a community-based crosssectional study of the homeless, self-reports may be the only pragmatic way to obtain such information.
Lack of HIV testing in this sample is also a weakness. False-negative TB skin test results, although relatively uncommon in healthy individuals, are more prevalent in impoverished, alcoholic, and malnourished populations and occur in immunosuppressed individuals infected with HIV. 68, 69 However, HIV infection among the homeless in Los Angeles appears to be low (1.3% among homeless African-American women 70 ). Further, a San Francisco study found no evidence of an association between TB and HIV infection among homeless adults, even after accounting for anergy. 57 In addition, despite outbreaks of TB, city authorities have stopped anergy testing because of its lack of reliability; a recent study found that anergy cannot be reliably determined with commonly used tests, and the authors recommend that decisions regarding preventive therapy for tuberculosis should not be based on anergy testing. 71 Another weakness of our study relates to the use of the tine skin test rather than the Mantoux test. Although the Mantoux skin test is widely regarded as the "gold standard" of tuberculosis tests, we elected to use the tine test because of our concerns about the ability of lay persons to plant Mantoux TB skin tests and the possibility that the interviewers might become targets for harassment by drug users if they used needles and syringes while working in outdoor areas where they were relatively unknown. According to the manufacturer, the tine skin test has a 4% false-positive and an 8% false-negative rate. 63 Rudd et al. found a 4% false-negative rate for the tine test, 72 and the tine test has been used in research for mass screenings. 8, [73] [74] [75] However, the Mantoux should be used for diagnostic purposes and, when resources are available, for screening high-risk populations.
In 1985, the Robert Wood Johnson Foundation recommended that TB screening programs be developed by clinics serving the homeless. 76 It has also been recommended that recent converters be given high priority for preventive therapy. 77 Such therapy may be particularly important for the homeless living in shelters, where infection or reinfection from other cases may be more important than reactivation disease. 78 It has been further recommended that TB skin testing only be undertaken in homeless populations when there is a commitment to complete diagnostic evaluation and treatment. 79 However, compliance with screening and preventive treatment for TB has been found to be poor even among highly knowledgeable groups like physicians. [80] [81] [82] Not surprisingly, previous studies with homeless populations have obtained compliance rates under 50% with TB evaluation and treatment for both active and inactive disease even when directly observed therapy was used. 56, [83] [84] [85] Suggestions to improve compliance include shorter courses of treatment, 86 as well as directly observed isoniazid therapy administered twice a week. 87, 88 Almost 80% of our subjects with a positive skin test reported seeking medical attention after being informed of their condition. These results indicate that nearly all homeless persons with positive TB skin tests will seek initial medical attention when provided with referral resources in the community, as well as modest monetary incentives to seek care. However, to ensure compliance with the whole course of treatment, specialized programs are needed. These programs may include a variety of incentives such as special housing, free meals, transportation vouchers, and financial incentives. 80, 89 Provided that prophylactic care can be delivered in a manner that facilitates treatment completion, the findings of this study suggest that it may be efficient to screen certain subgroups of the homeless for TB on a preferential basis: that is, homeless persons who are chronically homeless, older, reside in congested central-city locations, sleep in shelters or in limited shelter conditions, and have a history of hospitalization for a mental health problem. Conversely, the 14% prevalence estimate of TB skin test positivity found among the homeless on the Westside of Los Angeles is approximately the same as the estimated 15.2% recently found among adult workers aged 18-25 years in Montreal. 65 This result suggests that homeless persons in suburban areas may not require the preferential screening suggested for homeless populations in general. 76 Clinicians working with homeless patients in Los Angeles should be aware of the risk factors for TB skin test positivity found in this study, and elicit relevant information in the course of completing their histories. Clinicians might consider screening patients for TB who demonstrate these risk factors. In particular, clinicians working in the inner city should be aware of the high risk of TB skin test positivity among the homeless that they care for.
Our findings suggest that homelessness is a heterogeneous phenomenon that affects TB occurrence in different ways. Future studies should be conducted to assess the impact of homelessness on TB in different urban and rural geographic areas and in areas with different climates. Future research should also assess whether injection drug use is a risk factor for TB skin test positivity in the Los Angeles homeless population. To prevent the spread of TB, future studies are needed to develop costeffective TB screening programs among the homeless. To reduce the spread of TB and the incidence of multidrugresistant TB, further studies are needed to ensure that homeless persons complete the course of treatment for active or inactive TB.
